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ABSTRACT:Population9 of wildlife, such as Cahfomia ground squirrek, can grow to the extent that they come in conflictwith humans.
Contraception is a method of population management under investigation that may be useful in situations where neither leaving the
animals uncontrolled nor lethal control are apropos. In this study, we tested the use of a single-injectiongonadotropinreleasing hormone
(GnRH) inununocontraceptive vaccine in urban Califomia ground squimls. We monitored the effects of treatment for two breeding
seasons. Immunization reduced the proportion of females lactating by 91% the fmt year and 96% in the second year. Testicular
developmentwas inhibited 35% the fmt year and 89% the second year. There is a delay of several months &omthe time of injection to
inhibition of testes development. Reduction in the number ofjuveniles born per adult as determined by a visual count index was 9% the
fmt year and 66% the second year. This study shows that the single-shotGnRH vaccine is over 90% effectivefor at least 1.5 years and
requires several months &er immunization for contraceptiveeffect. Because the immuni7ationrequires injection, it is labor intensive,but
it is much more practical than treatments requiring multiple administrationsto the same animal. GnRH immunocontraceptionmay be a
useful tool in rodent population management in certain circumstances.
KEY WORDS: California ground squirrel, contraception, fertility control, GnRH, gonadotropin releasing hormone,
immunocontraception,population control, reproductive inhibition, Spermophilusbeecheyi
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DUXODUCTION
California ground squirrels (Spermophilus beechqz) are a
pest in agricultural and urban settings. They eat crops, dig
burrows that can damage equipment and structures and cause
personal injury, and are a potential vector for the spread of
disease (Tomich 1982, Marsh 1994, Davis et al. 2002). In
urban areas, the squirrels are often a source of controversy,
with some people arguing for eliminating the squirrels and
other people arguing for protecting them. Well-meaning
people sometimes feed the squirrels, exacerbating the
population problem and Increasing problem behaviors.
Manaeement of sauirrels can be made evenmoredifficultbv'
legal Froscriptions' on control methods.
Many of the problems associated with the squirrels would
be of little consequence if populations could be kept at
reasonable levels. Lethal control is the traditional method of
population control, but in some situationskilling the squirrels
is not legal, practical, or publicly accepted. As conhaceptive
tools are developed for wildlife, they may become an
alternative to poisoning for controlling populations and
might be less controversial than current methods.
One category of contraceptive methods that holds
promise for wildlife is immunocontraception. Immunocontraception involves immunizing an animal against some
component of its own body that is necessruy for
reproduction. The immune system then either destroys part
of the reproductive system or inhibits its function. There are
a wide range of possible targets for such an approach, but
most of the research that has been done has focused on the

zona pellucida (the coating around the oocyte), sperm
proteins, and gonadotropin releasing hormone (GI=;
a
hormone that initiates the production of reproductive
hormones) (see Fagerstone et al. 2002).
GnRH is formed in the hypothalamus and signals the
pituitary to release two other hormones, luteinizing hormone
(LH) and follicle stimulating hormone (FSH). LH and FSH
signal ovaries and testes to produce reproductive hormones
and induce reproductive functions. Without GnRH, an
individual would not develop sexually, and sexually mature
individuals are infertile. Immunization against GnRH results
in antibodies that bind GnRH and Drevent it from sienalinz
the pituitary. In the presence of'suficient antibo'dy, thi
individual effectively has no available GnRH and the
reproductive tissues do not function.
Immunocontraception with GnRH as a target has been
tested in a variety of domestic and wild species, including
cats (Ladd et al. 1994), dogs (Gonzalez et al. 1989, Ladd et
al. 1994),pigs (Oonket al. 1998,Dunshea et al. 2001, Miller
et al. 2003), wild hogs (Kdban et al. 2003), deer (Miller et al.
2000, Curtis et al. 2002), and rats (Awoniyi 1994, Miller et
al. 1997). In each of these species, immunization leads to an
inhibition of breeding behavior and contraception. Contraception by GnRH immunization continues as long as
antibody titers remain ~ ~ c i e n t high.
ly
How long the
antibody titer remains high enough is dependent on the
species and on the vaccine formulation, with some variation
between individuals.
Traditional formulations of immunocontraceptive vac-
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testes development based on scrota1 development. Females
were examined for lactation by teat development as a
measure of females giving birth. Each squirrel was uniquely
identified with ear tags and released where it was trapped.

cines require multiple injections over a period of time. For
use in most wildlife species, this has been a major
disadvantage. Recently, the development of a formulation
that is effective with a single injection has rendered the
concept of immunocontraceptionmore practical (Mdleret al.
2003). Animals must still be trapped for injection, but the
necessity of recapturing the same animals within a certain
time window for booster immunization is eliminated.
This study was undertaken at the Berkeley Marina,
Berkeley, Califomia, to test whether the single-shot GnRH
immunization would be effective in wild California ground
squirrels, and to get an indication of the feasibility of treating
squirrels by injection. At the park, relocation sites were not
available and poisoning had been prohibited. Squirrels in the
park were numerous enough that they were becoming a
hazard, and some method of control needed to be found.

Visual Count Index

The visual count index was detennined by counting
squirrels with binoculars at a distance to limit disturbance to
the animals. Counts were done multiple times and at
different times of day. The index consisted of the maximal
counts obtained during the month. Juvenilesand adults were
recorded separately and the index reported as a ratio of
juveniles per adult.
RESULTS
Trapping and Immunizations

In 12 months, 272 squirrels were trapped at the treatment
site. Ofthose squirrels, 127 were trapped at least twice, for a
total of 608 trapping events. A total of 229 squirrels were
immunized with the GnRH vaccine. As more squirrels were
immunized, it became increasingly difficult to trap naive
individuals (Figure 1). Some of the naive animals were not
immunized because either there was insufficient vaccine
available in the field, or they escaped before being
immmixd. The fust immunizations were administered in
late August 2001. Trapping continued through the course of
this study and immunization continued through September
2002. Less time was spent trapping at the control site, but 57
animals were trapped and 36 animals immunized with
placebo vaccine.
The amount of effort required to trap and handle squirrels
varied considerably depending on a variety of factors.
Personnel hours required per squirrel immunized was at best
around %hour and sometimes >5 hours.

METHODS
Study Area

The study was conducted in a park portion of the
Berkeley Marina, covering about 5.1 hectares. The area
contained a variety of terrain, including playground, rocks,
beach, grass, and wooded hills. The squirrels had burrows in
all these locations.
A site at Garretson Point was used as a control. This site
covered about 1.7 hectares, with a similar variety of terrain.
Experimental Time Course

Immunizationswere initiated the end ofAugust 2001 and
continued through September 2002. The expected breeding
season for Califomia ground squirrels in thisarea is February
and March. With a gestation period of 4 weeks, they would
give birth in March or April and young wouldbe exptecl to
appear above ground in May. The 2002 breeding season,
including testes development for several months prior to
February, and through the summer following is referred to as
Year 1. Late 2002 through 2003 is referred to as Year 2.
Thus in Year 1, squirrels were imm*
beginning almost
6 months prior to and through the autumn following the
breeding season. In Year 2, squirrels were immunized at
least 5 months prior to the breeding season and some had
been immunized for about 16 months.
Vaccine Preparation and Immunization Procedure

The vaccine consisted of a synthesized GnRH peptide,
EHWSYGLRPG with a glycine and a cysteine added at the
carboxyl end, coupled to keyhole limpet hernocyanin
by the cysteine and emulsitied with AdjuVac", an adjuvant
designed at the National Wildlife Research Center. The
vaccine was prepared as previously described by Miller et al.
(2003). Squirrels were placed in a handling hag and
immunized subcutaneously in the lower back with 0.5 1nl of
vaccine (200 pg of KLH-GnRH conjugate). Placebo vaccine
was prepared the same as the GnRH vaccine with all
components except the KLH-GnRH.

Figure I.Trapping of Califomia ground squirrels at the
katment site. Black bars reprisent the total number of
animals trapped, white bars represent trapped animals
that had not been previously immunized, and hatched
bars represent the number of animals newly immunized in
that month. Data is reported for August 2001 to June
2003. Re-trapped animals account for the difference
between tokzdGapped and naive, and naive animals that
were not immunized due to escapes or lack of vaccine
account for the difference between the naive and
immunized values.

Trapping and Reproductive Status Evaluation

Trapping was accomplished by baiting single door
National traps with peanut butter, peanuts, and oats. Animals in traps were moved to a central location for visually
examined for reproductive status. Males were examined for
'5

Evaluation of Lactation Status
We trapped squirrels from March through July to
determine whether females were lactating. Table 1 shows
that females at the control site and unimmunized females at
the treatment site had about the same proportion of lactation
in Year 1. Squirrels were not trapped during this time period
at the control site in Year 2. Squirrels were considered naive
if they were not immunhd prior to February of the year
had
they were examined. Squirrels that had been imm&
a much lower proportion of individuals lactating with a
reduction of 91% in the first year and 96% in the second
Year.
Evaluation of Male Testes Development
Table 2 shows a summary of scrotal testes development
for males trapped December through March of each year. In
November and December of the first year, the proportion of
males with scrotal testes was not substantially decreased in
animals immunized 3 or 4 months previously. In March, 3
of 3 unimmunized males, 1 of 1 immunized 3 months
previously, 3 of 5 immunized 6 months previously, and 2 of
8 immunized more than 6 months prior had motal testes.
Overall, immunized males had a 35% less individuals with
developed testes in Year 1. In Year 2, an 89% reduction was
seen.
Visual Counting Index
Table 3 shows the results of counting California ground
squirrelsat both the control and treatment sites. Counts were
done in July. Because the sites do not have identical
populations, the index is expressed as a ratio ofjuveniles to
adults. In Year 1, the ratio at the treated site was 6% lower

than the control site. In Year 2, the ratio was 66% lower at
the treated site than the control site.
Table 3. Visual sighting index of California ground
squirrels. An index was obtained by counting Califomia
around sauirrels in the month of Julv.
Juveniles IAdults

-

Control Site
% Reduction

DISCUSSION
Effects on Fertility
Although GnRH immunization does not affectlactation
directly, lactation was a clear measurement for the effect of
GnRH immunization on individual ground squirrels;
logically, lactation should be a good measure of females that
successfully delivered young. The decrease in lactation
among treated females indicates that GnRH immunization
was effective in reducing f d t y . Although only a few
females were trapped at the control site for evaluation of
lactation, the proportion was similar to the untreated
individuals examined at the treatment site, indicating a
consistent level of reproduction at the two sites. The
difference in the proportion of na'ive animals at the treated
site that were lactating was very different in Years 1 and 2.
But the proportion of immunized animals lactating was
similar both years. These results suggest that the vaccine is
over 90% effective in inhibiting a female's ability to give
birth.

Table 1. Califomia around sauirrels lactating durina March through Julv. Sauirrels tra~Dedat the treatment site are
to ~ e b r u a 6
of ttie year they w e i evaluated ("Immunized") and those
separated into inchiduals that were immunized
unimmunized as of that time 1"Nai've"l.
Lactation
(Number of Females)
Year Site
Status
No
Yes
%

/

1

Control
Treatment

-

Control
Na~ve
lmmun~zed

5
26

2
13
1

29
33

3

33

Reduction:
2

Treatment

Na'ive
Immunized

(
1

5
1

1

I

0

24

Reduction:

91
100

4
96

Table 2. Testes development in Califomia ground squirrels trapped December through March. Squirrels were separated
into groups of individuals immunized befbre the November prior to evaluation ("lmmunoed") and those that were
unimmunized later than that time ("Na~ve").
Testis Development
lmmunbation
Year
Site
(Number of Males)
Status
Scrotal I Abdominal I %

Treatment

Na'ive
Immunized

80

10

9

T i g of Immunization
Since sperm take about 60 days to develop (Fagerstone
and Matschke 1977),the testes must develop well before the
beginning of the breeding season. This is apparent by the
number of males with scrotal testes in November and
December. The effectiveness of GnRH immunization in
males in the fist year may appear deceptively low when
usine scrotal testes develooment as a measure. The cut-off
we used for dividing the squirrels into immunized and
unimmunized squirrels is arbitrary and may be appreciably
less than the time required for a sufficient immune response
for contraceptive effect. In fact, the earliest immunizations
were done at the end of August and there may not have been
sufficient antibody titers by November and December to
prevent testes development in a majority of the males. As
the titer increases enough to block GnRH, testosterone would
no longer be produced and sperm development would be
halted even though testes might be visibly scrotal. Atrophy
of the testes after testosterone production is inhibited may be
a delayed process, since males were observed with scrotal
testes several months after the breeding season. Thus, we
could have males with scrotal testes that were actually
infertile due to the immunization by the time breeding season
anived. No immunizations were given within several
months of evaluation in Year 2. In this case, the
immunizations had time to take effect, and the level of effect
was about the same as seen in female lactation levels.
It appears that a single immunization takes several
months to be effective. Using 3 months as a minimum time
for the majority of immunizations to take effect, females
would need to be immunized by the middle ofNovember for
the effect to be seen in the fist breeding season and males
possibly earlier than that. Because the effect of immunization on lactation in individual squirrels occurred at the same
levels in Year 1 as in Year 2, we can conclude that the
immunization effect lasts at least a year and a half. If
immunity did not last that long, the squirrels immunized at
the initiation of the study would have become fertile and the
reduction in proportion of immunized animals lactating
would have increased.
~

~-

~~

~~

~

~

Population Effects
Based on our visual count index, there was little effect on
population increase the fist year. This is probably due to the
lower level of squirrels that were effectively immunized at
that point in time. A 66% reduction in young bom the
second year is still not as good as we would like to see. The
luniting factor seems to be the number of animals that canbe
trapped and immunized.
We did not do population determinations as part of this
study, so effects on the overall population over time are
theoretical. Control of population levels will entail several
major factors: the proportion of treated individuals that are
effectively contracepted, the proportion of individuals that
can be treated, and the survival of existing animals (including
possible increased survival in treated populations due to
decreased competition). In this study, female California
ground squirrels immunized against GnRH were nearly all
contracepted. The practical level of the population that can
be treated is more difficult to predict and a balance between
effort and effect will have to be reached. For the sake of

discussion, if we assume that treating 80% of the population
is reasonable and futber guess that the decrease in fecundity
will result in as much as double the survival of offspring due
to decreased competition, we would estimate that the
remaining 20% of fertile individuals would have 40% of the
number of offspring an untreated population would have, or
a 60% reduction. These assumptions seem quite conservative and actual results could easilv be better. How auicklv a
reduction in offspring would resilt in a population hecr&se
if maintained over time will be dependent on the m o M t y
rate, but should be obvious within a squirrel's lifespan
(Kmpling and McGuire 1972).
Usefulness for Field Application
This study indicates that contraception may be a useful
tool in population control. In situations such as the park in
this study where relocation is not possible and poisoning is
banned, this may be a feasible option. For the effect of
immunocontraception to b e m b the time required for
sufficient immunity to develop and the duration of the
response will need to be determined for each species. The
practicality of injectable immunocontraception will be
primarily determined by the feasibility oftreatinga sufficient
proportion of the population. Contained areas that are
accessible and with minimal immigration will probably be
the most amenable locations for this type of management.
The cost of the vaccine itself will most likely be much less
than the cost of trapping and handling the squirrels, at least
for paid workers.

ACKNOWLEDGEMENTS
We thank Janet Elliot, Sqio Mendoza, Michael Heung, and Lam
Moore who assisted in the trapping, trpahnenf examinations, and
evaluations. We also thank Kathy Fagatone for assistance with the
manuscript preparation. Animals wme treated humanely and the study
was approved by the Animal Care and Use Committee of the USDA
National Wildlife Research Center.
LlTERATURE CITED
A w o m , C. A. 1994. GnRH immunization and male i n f d t y :
immunocontraception potential. Advanced Contraceptive
Delivery Systems 10(3-4):279-290.
CuRnS,P.D.,R.L.POOLER,M.
E. RICHMOND,L.A.WG.F.
MAITFELD,ANDF.W. QWY. 2002. Comparative effectsof
GnRH and porcine zonapellucida pZP) immunoconmxptive
vaccines for controlling reproduction in white-tailed deer
(Odocoileus virginianus). Reprod. Suppl. 60: 131-141.
DAVIS, R M., R. T. SMITM,M. B. hlADON, AND E. SITKC-CLEUGH.
2002. Flea, rodent and plague ecology at ChuchupateCampground, Ventura County, California. J. Vector Ecol. 27: 107127.
DUNSHEA,
F. R., C. COLANTONI,
K. HOWARD,
I. MCCAULEY,
P.
JACKSON, K. A. LONG, S. LOPATICKI, E. A. NUGENT,J. A.
SMONS,
J. WALKER,ANDD.P. HENNESSY.
2001. Vaccination
of boars with a GnRH vaccine (Irnprovac)eliminatesboar taint
and increases growth performance. J. Anim. Sci. 79:25242535.
F A G ~ T O NK.EA,,
, AND G. H. MATSCHKE.1977. Quahtativeand
quantitative spermatogenesis in the black-tailed prairie dog.
In: M. P. Dunford (Ed.), Proceedings 143" AAAS Meeting,
Denver, CO. Feb. 20-25, 1977.

FAGERSTONE,K.A.,M.
A. COFFEY,P. D. CURTIS, R. A. DOLBW
G. J. KILLIAN,L. A. MILL^, AND L. M. WILMOT.2002.
Wildlife fertility control. Wildl. Soc. Tech. Rev. 02-2, The
Wildlife Society, Bethesda, MD. 29 pp.
GONZALEZ,A.,A.
F. ALLM,K. POST, R. J. MAPLEX)FT,ANDB.D.
MURPHY.1989. Immunological approaches to contraception
indogs. J. Reprod. Fertil. Suppl. 39:189-198.
KILW, G. J., L. A. MILLER, J. RHYAN, T. DEES,AND H. DO7EN.
2003. Evaluation of GnRH contraceptive vaccine in captive
feral swine in Florida. Proc. Wildl. Dam. Manage. C o d 10:
128-133.
KNIPLING,
E. F., AND J. U. McGw.
1972. Potential role of
sterilization for suppressing rat populations, a theoretical
appraisal. USDA, Agricultural Research Service, Tech. Bull.
No. 1455. 27 pp.
LADD,A., Y. Y. TSONG,A. M. WALFIEU),AND R. THAU. 1994.
Developmentof an a n t i f d t y vaccine for pets based on active
immunizationagainst luteinizing hormone-releasinghormone.
Biol. Reprod. 51:1076-1083.
MARSH, R E. 1994. Belding's, California, and rock ground
squirrels. 4.B151-B158 in: S. E. Hygnstrom, R. M. Tinnn,
and G. E. Larson (Eds.), Prevention and Control of Wildlife
Damage. Coop. Extension Division, IANR, University of
Nebraska, Lincoln; USDA APHIS Animal Damage Control;
and Great Plains Agric. Council, Lincoln, NE.
MILLER, L. A., B. E. JOHNS, D. J. ELIAS,AND K. A. CRANE.1997.
Comparative efficacy of two innnunocontraceptivevaccines.
vaccine 15:1858-1862.
ILL& L. A,, B. E. JOHNS,AND G. J. KILLLAN.2000. Immunocontracention of white-tailed deer with GnRH vaccine. h e r .
J. ~ e p & i &nun.
.
44266-274.
MILLER,L. A,, 1.RHYAN, AND G. KILLIAN.2003. Evaluation of
GnRH contraceptive vaccine using domestic swine asamodel
for feral hogs. Proc. Wild. Dam. Manage. Conf. 10:120-127.
OONK,H. B., J. A. TURKSm, W. M. SCHAAPER,
J. H. ERKENS,M.
H. SCH--DEWEERD,
k VANNES,J.H.VERHEIJDEN,
ANDR
H. WE.1998. New GnRH-likepeptide constluct
to optimize efficient immunocastration of male pigs by
innnunoneutralization of GnRH. Vaccine 16:1074-1082.
TOMICH,P. Q. 1982. Ground squirrels. 4. 192-208 in: J. A.
Chapman and G. A. Feldhamer (Eds.), Wild Mammals of
North America: Biology, Management, and Economics. The
Johns Hopkins University Press, Baltimore, MD.

